Most people infected by Mycobacterium tuberculosis (Mtb) do not have any signs or disease symptoms, a condition known as latent tuberculosis infection (LTBI). The introduction of biological agents, mainly tumor necrosis factor (TNF) inhibitors, for the treatment of immune-mediated diseases such as Rheumatoid Arthritis (RA) and other rheumatic diseases, increased the risk of reactivation of LTBI, leading to development of active TB. Thus, this review will approach the aspects related to LTBI in patients with rheumatologic diseases, especially those using iTNF drugs. For this purpose it will be considered the definition and prevalence of LTBI, mechanisms associated with diseases and medications in use, criteria for screening, diagnosis and treatment. Considering that reactivation of LTBI accounts for a large proportion of the incidence of active TB, adequate diagnosis and treatment are crucial, especially in high-risk groups such as patients with rheumatologic diseases.
INTRODUCTION
The most people infected by Mycobacterium tuberculosis (Mtb) has no signs or symptoms of the disease, a condition known as Tuberculosis Latent Infection (LTBI). According to the World Health Organization (WHO), about 2 to 3 billion people worldwide are infected by Mtb; including 5 to 15% will progress from LTBI to active symptomatic disease during their lifetime. The reactivation of LTBI is responsible for a large proportion of cases of tuberculosis (TB) active, which makes diagnosis and treatment crucial, especially in high-risk groups. (1) (2) (3) The introduction of biological agents, especially tumor necrosis factor (iTNF) inhibitors, to treat immune-mediated diseases such as rheumatoid arthritis (RA) and other rheumatic diseases has increased the risk of developing TB. (4) The iTNF can promote the reactivation of TB to neutralize TNF, which protects the host against Mtb and plays a key role in granuloma formation which limits the extent of injury. (1, 5, 6) Thus, the objective of this article is to review the aspects related to LTBI in patients with rheumatologic diseases, especially in those using iTNF drugs. For this purpose, it will be discussed the definition and prevalence of LTBI, the mechanisms associated with diseases and medications, as well as criteria for screening, diagnosis and treatment of LTBI.
DEFINITION AND MECHANISMS OF LTBI IN RHEUMATIC DISEASES
According to WHO, the LTBI is characterized by the presence of persistent immune response to Mtb without clinical evidence of active disease. (7) The chance of infection after exposure to TB bacillus is about 30% in healthy people, depending on the degree of exposure, infectivity of the index case, and the individual's immune factors. Approximately 5% of people cannot prevent the multiplication of bacillus and then develop the active disease soon after infection. Other 5% later become ill by reactivation of latent infection or as a consequence of a new exposure to the bacillus. Besides that, several factors may increase the risk of reactivation of TB, such as disease or immunosuppressive treatments used in rheumatic diseases. (8) According to research conducted in patients with RA, even those who have never used iTNF have a risk of TB of two to ten times greater compared to the general population. (9) (10) (11) (12) (13) In one such study, which was a prospective population-based cohort, (9) in Sweden, demonstrated that Rheumatoid Arthritis (RA) patients not exposed to biological had a four-fold increased risk of TB compared to the general population, noting that the risk TB is independent of the use of iTNF and that probably is associated with immunosuppression linked to the disease and the use of other medications such as corticosteroids.
In any case, the use of iTNF is related to a risk of TB of 2 to 30 times greater, depending on the medication used and the place of study. (9) (10) (11) (12) (13) (14) It is known that TNF plays a critical role in the host's response to infection, since it influences the transport of cells to the infectious focus, promoting the formation of granuloma capable of containing the disease progression, as well as increasing the phagocytic capacity of the macrophages and the death of viable intracellular bacteria. In addition, TNF is responsible for maintaining the structural integrity of the granuloma. Thus, the use of TNF antagonists leads to the resumption of mycobacterial growth within the granuloma, resulting in even its structural disintegration ( Figure 1 ). (15, 16) Another class of medications used in the treatment of rheumatic diseases is not biological iTNF such as: Antiinterleukin-1 (IL-1), Anakinra (ANK), receptor inhibitor of the IL-6 tocilizumab (TCZ), Anti-CD20 Rituximab (RTX), stimulus blocker of abatacept T-lymphocytes (ATB), Anti-IL-12 and IL-23 Ustekinumab (UST), and Anti-IL-17 Secukinumab (SEC). According to data from controlled clinical trials and national registries, biological non-iTNF not has a negligible risk of TB reactivation. Thus, probably, in these cases, the tracking LTBI is not necessary and these medicaments are the safest option in patients with increased risk of reactivation of TB. (17) 
DIAGNOSIS OF LTBI
For the diagnosis of LTBI, there is the Tuberculin Skin Test (TST), also known as the Mantoux test or Mendel-Mantoux test, and tests IGRA (InterferonGamma Release Assay in English). Both do not differentiate infection from active disease, so they are only used to diagnose LTBI. 
Tuberculin Test (TST)
The TST has been used for many years for the diagnosis of LTBI. Two to ten weeks after Mtb infection, T-lymphocytes become responsive to components of the bacillus, and tuberculin antigen injection triggers off a delayed hypersensitivity reaction. The tuberculin used in Brazil (PPD RT23-) is applied using the same technique and equipment recommended by WHO, intradermal in the anterior part of the left forearm, at a dose of 0.1 ml, equivalent to 2 TU (tuberculin units). The TST reading is performed 48 to 72 hours after application (with the possibility of extending for up to 96 hours), measuring the transverse diameter of the hardened area in millimeters and discarding the surrounding erythema. In patients who are candidates for the use of biologicals for rheumatologic diseases, the criterion ≥ 5 mm is used to indicate treatment of LTBI. (8, 18) False-positive results (TST positive and LTBI negative) may occur in individuals infected by non-tuberculous mycobacteria or vaccinated people with the CalmetteGuérin bacillus (BCG), especially if vaccination occurs after the first year of life, when BCG produces greater and more lasting reactions. However, the effect of neonatal BCG on TST decreases gradually in the first seven years of life. (19) Besides that, immunization with BCG does not have significant influence on the TST response after ten years. (20) In endemic countries, the positivity of the TST reflects most likely a high prevalence of LTBI than a result of vaccination with BCG. (19, 20) On the other hand, false-negative results (negative TST and positive ILTB) may occur in immunosuppressed patients receiving corticosteroids (doses of prednisone> 15 mg / day) and other immunosuppressants, a situation fairly common in individuals with rheumatologic diseases. Furthermore, in RA, T cell function is altered, which could result in inability to develop an appropriate response to TST. (21) The exact mechanism for this change is not fully elucidated, but it is known that in RA there is a decrease in the amount and function of regulatory T cells (CD4 + and CD25 +), and the number of CD4 + T cells determines the magnitude of response to TST. (22, 23) In fact, lower rates of positivity for TST have been described in patients with RA. (21, (24) (25) (26) (27) (28) In a case control study (27) conducted in Turkey, the frequency of TST positivity in patients with RA (29.8%) was lower than in patients with ankylosing spondylitis (AE) (65.9%). In another study, (28) held in Brazil, the prevalence of TST positive in the control group was higher (33.3%) compared to RA patients (14.6%) (p = 0.034).
Besides these, another TST disadvantage is the possibility of booster effect. Individuals infected by Mtb may have the ability to react to TST reduced over time because of the loss of T-lymphocyte response from memory, which could cause a false negative result in a first TST. The booster effect occurs when the second TST, performed from one to three weeks after the first, has resulted ≥ 10 mm, with an increase of at least 6 mm in relation to the previous TST. Thus, whenever TST is repeated within three weeks, the results should be interpreted with caution so as not to confuse the booster effect with tuberculin turn and to have a false indication of LTBI. However, the booster effect indication research (TST repeat up in to three weeks) is currently restricted to health professionals, J Bras Pneumol. 2019;45(2):e20190023 2/7 which were negative in the first TST for subsequent annual follow-up of tuberculin conversion. (8) Despite its limitations, such as low sensitivity in immunosuppressed patients, cross reactions with BCG vaccination and infections by non-tuberculous mycobacterial, TST is still the most widely available test for clinical practice. (8) 
IGRA test
The IGRA tests detect the production of interferon-γ (IFN-γ) derived from T in the peripheral blood activated by specific antigens. Nowadays, there are two commercial kits available: the QuantiFERON-TB Gold in tube (QFT), based on the ELISA method, and has been validated for use in Brazil, and the T-SPOT.TB, based on simplified enzyme immunoassay (ELISPOT). The QFT test uses the antigens of the RD1 region of Mtb, ESAT-6, CFP-10 and TB7.7 to measure the IFN-γ responses of patients ( Figure 2 ) and is considered positive if the IFN value -γ (quantified in IU / mL) is above the upper limit of the test. And concerning the T-SPOT.TB test estimates the number of IFN-γ producing cells and is considered positive if the number of cells is greater than the negative control.
They have an excellent specificity (90-100%) for not being affected by BCG vaccination and, like TST, a good level of agreement, although discordant results may occur in up to 15% of the patients, depending on the population studied (HIV-positive people, cirrhotic, individuals with autoimmune diseases, transplanted and vaccinated by BCG). (29) (30) (31) False-positive and falsenegative results may occur in IGRA tests because of mitogenic contamination of isolated cells. (32) However, a meta-analysis presented in 2016, (33) which included 11 studies, demonstrated that, in patients with previous BCG vaccination or corticosteroid use, IGRA tests would be the best choice to identify patients with LTBI because they have fewer false positive results and false negatives compared to TST.
The realization of the examination on a single patient visit and the speed of the results are other advantages of the IGRA tests. However, the high cost, (8) the need for personnel, specialized equipment, the possibility of conversion and reversal in serial tests are disadvantageous. The clinical significance of conversions and reversals in IGRA tests remains unclear, but it is known that they may be caused by the use of corticosteroids and iTNF, and this should be considered whenever the test is repeated.
The Chart 1 shows the comparison between TST and IGRA tests.
PREVALENCE OF LTBI IN RHEUMATIC DISEASES
The prevalence of LTBI in patients with rheumatic disease was evaluated in some studies, (1, (36) (37) (38) (39) (40) usually by TST, variable results may be explained by differences in the selection of patients (which were included rheumatic diseases) or in the use of concomitant medications, especially corticosteroids.
The overall prevalence of LTBI was 13%, of which 4% in Rheumatoid Arthritis (RA), 26% in Ankylosing Spondylitis (AS) and 23% in Psoriatic Arthritis (PA), in a study performed in Fortaleza (37) with 157 patients who were candidates for infliximab. The limited value of TST in this population was questioned, but the use of corticosteroids was not described, which may have interfered with TST results. Another study, conducted in Recife, evaluated 48 patients with RA who used prednisone, with a average dose of 12.7 ± 6.7 mg / day, with a low prevalence of LTBI (14.6%). which can be explained at least partially by false-negative TST results, which may occur with doses > 15 mg prednisone. (8) Two other studies (1.38), also conducted in Brazil, showed higher prevalences. One of them, performed in São Paulo, (38) evaluated 202 patients with RA, of which 32.7% had a diagnosis of LTBI. In addition, more than 80% of the patients selected used prednisone, but with a low dose (9.9 ± 5.3 mg / day). Another study, conducted in Porto Alegre, (1) A similar prevalence was found in Peru (29.4%), with all patients receiving prednisone at doses of ≤ 7.5 mg / day. (36) In India, a region with a high prevalence of TB, Agarwal et al. (39) showed a 20.4% prevalence of LTBI, which was not affected by the use of methotrexate, but was lower in patients with recent corticosteroid use (3%) compared to patients who did not used in the last three months (25%) (p = 0.0002).
SCREENING RECOMMENDATIONS OF ILTB IN PATIENTS WITH RHEUMATOLOGIC DISEASES
The WHO recommends that all patients that will begin treatment with iTNF are systematically tested and, if indicated, treated for LTBI. For the diagnosis of LTBI, both TST and IGRA tests can be used. In those patients without signs and symptoms of TB, active and positive for TST or IGRA, a chest radiograph should be requested to rule out the TB active. If the radiograph is negative, treatment for LTBI is indicated. (7) But the Centers for Disease Control and Prevention (CDC) recommends giving high priority to the treatment of LTBI in individuals using iTNF drugs (or who will use them) and having a positive IGRA test or TST ≥ 5 mm. For the diagnosis of LTBi, it is advisable to perform the IGRA tests in the case of people vaccinated with BCG, as well as the request for a chest radiograph whenever an IGRA or TST is positive. Individuals with fibrotic or nodular lesions consistent with old TB are candidates with high priority to the treatment of LTBI, after excluding active TB. In addition, sputum bacilloscopy is indicated in patients with IGRA or positive TST and abnormal radiography or who present with respiratory symptoms (even with normal radiography). (41) The recommendation of the Brazilian Ministry of Health (MS) is that all people who will start using iTNF drugs will be investigated for LTBI. If one of the IGRA tests is positive or there is a TST ≥ 5 mm, the treatment of LTBI is indicated, as long as it excludes active TB. (8) Finally, the American College of Rheumatology (ACR) recommends that screening be done to identify LTBI in all patients considered for treatment with biological agents, regardless of the presence of risk factors for LTBI. Both TST and IGRA tests can be used, however it is advisable to choose the latter in cases of BCG vaccinated patients. If TST is positive or the same for IGRA tests, it should be performed chest radiographs of patients. If the radiography is suggestive of active TB, sputum bacilloscopy should be performed to rule out TB. Since patients with RA may have false-negative results of the TST or IGRA tests due to immunosuppression, negative results should not be interpreted as excluding the possibility of LTBI. Thus, in patients with RA, risk factors for LTBI and negative initial tracing, the repetition of TST or IGRA tests is recommended between one and three weeks after the initial test. The annual screening is recommended in patients who live or work in places where there is a likelihood of exposure to TB, the duration of treatment with biological agents. (42, 43) It has already been shown that approximately 1/3 of patients with negative baseline screening develop conversion into at least one screening test during treatment with iTNF. (44) Patients who attested positive in TST or one of the IGRA may remain positive even after adequate treatment of LTBI or TB. In such cases, they require periodic monitoring of signs and symptoms of TB recurrence, since repeat testing is not useful in the diagnosis. In the ACR recommendations updated in 2015, the only modification is that patients receiving Tofacitinib should follow the same guidelines as patients using biologicals. (42, 43) 
TREATMENT OF LTBI
The ACR recommends that treatment with biological is started or restarted after a month of treatment of LTBI or in the case of active TB after the completed Limited data on immunosuppressed (although it appears to be less influenced by immunosuppression than TST) and in patients recently exposed to Mycobacterium tuberculosis.
• Sensitivity of 77% and specificity of 97% (not vaccinated with BCG).
• Low and heterogeneous specificity -35% to 78.6% (vaccinated with BCG).
• Sensitivity of 78% and specificity of 99% (not vaccinated with BCG).* • Specificity of 98% (vaccinated with BCG).* Possibility of variability among observers.
No possibility of variability between observers. Need for two visits (for reading the test).
Just a visit for blood collection. More time consuming results.
Faster results. Training needed to read the test result.
Need for qualified personnel and specialized equipment. Low Cost High Cost
TST: tuberculin skin test; IGRA: interferon-gamma release assay; BCG: Calmette-Guérin bacillus. (8, 34, 35) *Results for Quantiferon.
J Bras Pneumol. 2019;45(2):e20190023 4/7 TB treatment. In those patients using biologicals, it is suggested that these be suspended. (42, 43) The treatment regimens recommended for LTBI in patients with rheumatologic diseases follow the same norms as for the general population, always considering the presence of other comorbidities that may influence the therapeutic decision, in addition to monthly monitoring. (7, 8) The Isoniazid Monotherapy (INH) remains the most widely used treatment. It has already been evaluated in more than 20 randomized, placebo-controlled clinical trials, showing an average reduction in TB cases of 60%, reaching up to 90% efficacy if adherence to treatment is good. Several treatment durations have been studied, but the most commonly recommended are six and nine months. (45, 46) On the other hand, the duration of protection ranges according to the duration of follow-up studies, being five years in most studies with isoniazid, although the protective effect is greater in the first year after treatment. (45) Another form of treatment is rifampicin (RMP) by monotherapy, used for four months. It was evaluated in several small non-randomized clinical trials, demonstrating efficacy equal to or greater than six months of INH. (45, 46) A randomized clinical trial (47) in Chinese patients with silicosis showed that RMP monotherapy, used for three months, was more effective than placebo, INH for six months and combination of INH with RMP for three months. Recently, another open, randomized and multicenter clinical trial, the RMP for four months was not lesser than INH for nine months (48) and also showed higher rates of completion of treatment. The RMP monotherapy is also considered an alternative for locations with high proportion of INH mono-resistance, in case of intolerance to INH and for those patients unlikely to complete six months of INH. (45, 46) The combination of RMP and INH for three / four months is also a possibility for LTBI treatment. A metaanalysis made in 2005, (49) including studies in Hong Kong, Spain, and Uganda, showed that the RMP plus INH regimen for three months had equal efficacy and adverse effects profile similar to INH regimens lasting 6 to 12 months. However, it has been shown that the incidence of hepatitis with this regimen is only lower than the INH regimens used for 12 months; when compared to INH for six to nine months; the incidence of hepatitis is significantly higher. (50) The rifapentine (RPT) plus INH regimen, which has been used with a weekly dose for three months for a total of 12 doses and recommended since 2011 by the CDC, has been evaluated in at least three randomized controlled trials (51) (52) (53) and in a meta-analysis, (54) showing to be as effective as INH monotherapy, with higher rates of treatment completion and less hepatotoxicity. However, recent research (55, 56) with adults aged 50 to 70 years, who were randomized to receive one of two short regimens containing rifapentine (three months of RPT plus INH or two months of RPT 600 mg twice a week, plus INH 600 mg) had to be discontinued prematurely due to the high rate of adverse events. Although studies have methodological limitations, these findings raise concerns about the use of RPT more INH in older adults and require a more careful evaluation. The CDC still suggests several layouts: INH for six or nine months, RIF for four months and RPT plus INH for three months. (41) The WHO recommends the first choice of treatment for INH for six months. For locations with high incidence of TB, it suggests the most INH plus RPT layout for three months and, for locations with low incidence of TB, INH for nine months, RPT more INH for three months, RIF more INH for three / four months and RIF three / four-months. (7) On the other hand, the recommendation of the Brazilian Ministry of Health (MH) for the treatment of LTBI is INH at a dose of 5 to 10 mg / kg / day up to a maximum dose of 300 mg / day in adults, lasting six to nine months; however, it is considered that the most important is the number of doses, and not only the time of treatment. It is also indicated the use of 270 doses, taken from 9 to 12 months, and 180 doses, taken between six and nine months, but only considered in individual cases after assessment of adherence. However, there is evidence that the use of 270 doses protects more than 180 doses.
The Ministry of Health (MH) also suggests RMP for four months as an option for individuals over 50 years of age, liver disease people, with contacts of INH mono-resilients and intolerance to INH, at the dose of 10 mg / kg / day of weight up to the maximum dose of 600 mg / day in adults. In this case, the use must be at least 120 doses, taken for four months, and may extend up to six months. (8) It is also considered that the most important is the number of doses, and not only the time of treatment.
The Chart 2 summarizes the main treatment layout.
CONCLUSIONS
In 5-10% of individuals with impaired immune response to Mtb, the LTBI can progress to active TB. Therefore, screening for LTBI is strongly recommended in patients with rheumatic diseases, especially before starting treatment with iTNF. The screening always involves the exclusion of active TB, and the recommendation of the test of choice (TST or IGRA) may vary according to BCG vaccination and the costs and availability of the tests. The first choice of treatment remains the INH for six to nine months, with the RMP for four months as a treatment option. Individuals living in areas with high incidence of TB should be tested annually for LTBI, the duration of the treatment iTNF.
Despite the diagnosis and treatment advances in this area, there are still some gaps in the knowledge of LTBI in patients with rheumatic diseases. There is a need for a diagnostic test with better performance and shorter treatment regimens and with fewer adverse effects. Besides that, it is important to assess the 
Isoniazid plus Rifampicin
Isoniazid: 5 mg / kg / day (maximum of 300 mg / day). Rifampicin: 10 mg / kg / day (maximum of 600 mg).
3-4 months.
Hepatitis incidence greater than isoniazid for 6-9 months.
studies that analyze the best follow-up strategy for these patients.
